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(57) ABSTRACT

A method of mass spectrometry is disclosed comprising per-
forming a first analysis of a sample of ions wherein one or
more parameters are scanned and/or ions are sorted according
to one or more parameters during the first analysis. One or
more ranges of interest of the one or more parameters from
the first analysis are then automatically determined. A second
subsequent analysis of the sample of ions is then automati-
cally performed, wherein the second analysis is restricted to
one or more of the ranges of interest of the one or more
parameters.
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PRE-SCAN FOR MASS TO CHARGE RATIO
RANGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application No. PCT/GB2012/050546, filed 13 Mar. 2012,
which claims priority from and the benefit of U.S. Provisional
Patent Application Ser. No. 61/481,384 filed on 2 May 2011
and United Kingdom Patent Application No. 1104225.6 filed
on 14 Mar. 201 1. The entire contents of these applications are
incorporated herein by reference.

BACKGROUND TO THE INVENTION

The present invention relates to a mass spectrometer and a
method of mass spectrometry.

Tandem mass spectrometry such as tandem quadrupole
(“QqQ”) and quadrupole Time of Flight (“QToF”’) mass spec-
trometers have proved to be an invaluable tool in many appli-
cations. Tandem quadrupole instruments, in particular, have
found roles in screening applications using semi targeted
analyses such as parent or precursor ion scans and neutral loss
scans. These types of analyses typically involve fragmenting
ions exiting a scanning mass to charge ratio mass filter and
using a second mass to charge ratio mass filter to target a
particular fragment ion or fragment loss. As the first step of
mass analysis is via a scanning mass filter, the duty cycle, and
consequently the sensitivity, is reduced depending on the
resolution of the mass filter and the mass to charge ratio range
scanned.

To a first approximation, and for illustrative purposes only,
the transmission characteristics of a mass to charge ratio mass
filter can be approximated as having a uniform profile of
width W Da, wherein the value of W is related to the instru-
ment resolution. If the mass to charge ratio range to be
scanned is denoted as Rg Da and the mass filter scanning
speed is denoted as Sp Da/s then the length of time spent
scanning across any particular mass to charge ratio is given by
W/Sp (s) and the time spent for the full range scan is given by
Rg/Da (s). The duty cycle is therefore given by (W/Sp)/(Rg/
Sp) which simplifies to W/Rg.

A particular disadvantage, therefore, of known scanning
instruments such as quadrupole mass analysers is that they
suffer from low duty cycle.

A method of Automatic Gain Control (“AGC”) is known
which involves automatically controlling the number of ions
entering a mass analyser by performing a pre-scan to deter-
mine the Total Ion Charge (“TIC”), An ion injection time is
then calculated for the analytical scan based upon the deter-
mination of the Total Ion Charge. This approach prevents
space charge saturation of the mass analyser.

It is desired to provide an improved mass spectrometer.

SUMMARY OF THE PRESENT INVENTION

According to an aspect of the present invention there is
provided a method of mass spectrometry comprising:

performing a first analysis of a sample of ions wherein one
ormore parameters are scanned and/or ions are sorted accord-
ing to one or more parameters during the first analysis;

automatically determining one or more ranges of interest
of the one or more parameters from the first analysis; and

automatically performing a second subsequent analysis of
the sample of ions, wherein the second analysis is restricted to
one or more of the ranges of interest of the one or more
parameters.
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The first analysis and the second analysis may be per-
formed using the same first analytical device. According to
this embodiment the first analytical device is operated at a
first resolution to perform the first analysis and is then oper-
ated at a second higher resolution to perform the second
analysis.

Alternatively, the first analysis may be performed using a
first analytical device and the second analysis may be per-
formed using a second different analytical device. According
to this embodiment the first analytical device is operated at a
first resolution to perform the first analysis and the second
analytical device is operated at a second higher resolution to
perform the second analysis.

The parameter may comprise the mass or mass to charge
ratio of the ions. According to this embodiment the first
analytical device and/or the second analytical device com-
prise a mass analyser. The first analysis preferably comprises
the mass analysis of parent ions and wherein the second
analysis preferably comprises the mass analysis of similar
parent ions. The first analysis may alternatively comprise the
mass analysis of first generation, second generation, third
generation or subsequent generation fragment ions and the
second analysis may comprise the mass analysis of similar
first generation, second generation, third generation or sub-
sequent generation fragment ions.

According to another embodiment the parameter may
comprise ion mobility. According to this embodiment the first
analytical device and/or the second analytical device com-
prise an ion mobility spectrometer.

According to a less preferred embodiment the parameter
may comprise collision energy.

According to a less preferred embodiment the parameter
comprises ionisation energy or Electron Impact ionisation
energy.

According to a less preferred embodiment the parameter
may comprise Electron Transfer Dissociation conditions
such as the mixing or reaction time between reagent anions
and analyte cations (e.g. in an Electron Transfer Dissociation
fragmentation device).

The second analysis is preferably restricted to one or more
of the ranges of interest of the one or more parameters by
filtering out ions having values of the one or more parameters
which fall outside the one or more ranges of interest.

The second analysis is preferably substantially similar to
the first analysis.

The ions analysed during the second analysis are prefer-
ably substantially similar to the ions analysed during the first
analysis.

Restricting the second analysis to analysing ions having
one or more ranges of interest of the one or more parameters
preferably has the effect of increasing the duty cycle.

According to another aspect of the present invention there
is provided amass spectrometer comprising:

an analyser; and

a control system arranged and adapted:

(1) to perform a first analysis of a sample of ions wherein
one or more parameters are scanned and/or ions are sorted
according to one or more parameters during the first analysis;

(i) to determine one or more ranges of interest of the one or
more parameter from the first analysis; and

(iii) to perform a second subsequent analysis of the sample
of ions, wherein the second analysis is restricted to one or
more of the ranges of interest of the one or more parameters.

According to another aspect of the present invention there
is provided a method of mass spectrometry comprising:

performing a first analysis of a sample of ions wherein ions
are mass analysed during the first analysis;
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automatically determining one or more mass to charge
ratio ranges of interest from the first analysis; and

automatically performing a second subsequent mass analy-
sis of the sample of ions, wherein the second analysis is
restricted to mass analysing ions having mass to charge ratios
within one or more of the mass to charge ratio ranges of
interest.

The first analysis preferably comprises the mass analysis of
parent ions and wherein the second analysis preferably com-
prises the mass analysis of similar parent ions.

The first analysis preferably comprises the mass analysis of
first generation, second generation, third generation or sub-
sequent generation fragment ions and the second analysis
preferably comprises the mass analysis of similar first gen-
eration, second generation, third generation or subsequent
generation fragment ions.

According to another aspect of the present invention there
is provided a mass spectrometer comprising:

a mass analyser; and

a control system arranged and adapted:

(1) to perform a first analysis of a sample of ions wherein
ions are mass analysed during the first analysis;

(ii) to determine one or more mass to charge ratio ranges of
interest from the first analysis; and

(iii) to perform a second subsequent mass analysis of the
sample of ions, wherein the second analysis is restricted to
mass analysing ions having mass to charge ratios within one
or more of the mass to charge ratio ranges of interest.

The preferred embodiment relates to methods and benefits
of configuring tandem mass spectrometers so as to provide
improved duty cycle for scanning devices such as quadru-
poles. In semi targeted experiments such as precursor or
parent ion scanning or neutral loss scanning the use of a fast
and sensitive low resolution pre-scan can serve to restrict the
mass to charge ratio range over which the analytical scan is
performed resulting in improved speeds and/or an improved
duty cycle.

According to an aspect of the present invention there is
provided a mass spectrometer comprising:

a first mode of operation where the duty cycle is related to
m/z range;

a second mode of operation where the m/z range or m/z
ranges can quickly be determined; and

a means for adjusting the parameters of the first mode of
operation so as to optimise the duty cycle based on the results
of the second mode of operation.

The mass spectrometer may comprise a tandem mass spec-
trometer such as a tandem quadrupole or a quadrupole Time
of Flight mass analyser.

The first mode of operation may be a scanning or stepped
quadrupole, a Time of Flight mass analyser, a magnetic sector
or an ion trap.

The second mode of operation may be a scanning or
stepped quadrupole, a Time of Flight mass analyser, a mag-
netic sector or an ion trap.

The second mode of operation may be an m/z correlated
analytical approach such as ion mobility separation.

The fragmentation process may be via CID, SID, ETD or
another dissociation process.

The same device may be used for multiple steps e.g. a
scanning quadrupole may also act as an ion trap mass analyser
or an axial Time of Flight mass analyser.

The fragmentation device may have an axial field or trav-
elling wave to help maintain the fidelity of the pre-separation.

According to an embodiment ions may be passed back
upstream and perform the same tasks.
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On some instruments, e.g. ion traps, the reduced m/z range
results in improved duty cycle and speed and can improve
other aspects such as resolution.

On some instruments, e.g. magnetic sectors, the reduced
m/z range results in improved duty cycle and speed or could
improve another aspect such as mass accuracy.

Quantitative information can be retrieved from the pre-
scan allowing the determination of a restricted m/z range over
which saturation occurs.

The mass spectrometer may have more than two stages of
fragmentation (MS”).

It is recognised that many instrument parameters may be
optimised from prior knowledge of the mass range or mass
ranges. These include transmission windows for RF devices,
collision energy parameters and ion-ion reaction times.

According to an embodiment the mass spectrometer may
further comprise:

(a) an ion source selected from the group consisting of: (i)
an Electrospray ionisation (“ESI”) ion source; (i) an Atmo-
spheric Pressure Photo lonisation (“APR”) ion source; (iii) an
Atmospheric Pressure Chemical Ionisation (“APCI”) ion
source; (iv) a Matrix Assisted Laser Desorption lonisation
(“MALDI”) ion source; (v) a Laser Desorption Ionisation
(“LDI”) ion source; (vi) an Atmospheric Pressure lonisation
(“APT”) ion source; (vii) a Desorption lonisation on Silicon
(“DIOS”) ion source; (viii) an Electron Impact (“EI”) ion
source; (ix) a Chemical Ionisation (“CI”) ion source; (x) a
Field Ionisation (“FI”) ion source; (xi) a Field Desorption
(“FD”) ion source; (xii) an Inductively Coupled Plasma
(“ICP”)ion source; (xiii) a Fast Atom Bombardment (“FAB”)
ion source; (xiv) a Liquid Secondary ion Mass Spectrometry
(“LSIMS”) ion source; (xv) a Desorption Electrospray Ioni-
sation (“DESI”) ion source; (xvi) a Nickel-63 radioactive ion
source; (xvii) an Atmospheric Pressure Matrix Assisted Laser
Desorption Ionisation ion source; (xviii) a Thermospray ion
source; (xix) an Atmospheric Sampling Glow Discharge Ioni-
sation (“ASGDI”) ion source; and (xx) a Glow Discharge
(“GD”) ion source; and/or

(b) one or more continuous or pulsed ion sources; and/or

(c) one or more ion guides; and/or

(d) one or more ion mobility separation devices and/or one
or more Field Asymmetric lon Mobility Spectrometer
devices; and/or

(e) one or more ion traps or one or more ion trapping
regions; and/or

() one or more collision, fragmentation or reaction cells
selected from the group consisting of: (i) a Collisional
Induced Dissociation (“CID”) fragmentation device; (ii) a
Surface Induced Dissociation (“SID”) fragmentation device;
(iii) an Electron Transfer Dissociation (“ETD”) fragmenta-
tion device; (iv) an Electron Capture Dissociation (“ECD”)
fragmentation device; (v) an Electron Collision or Impact
Dissociation fragmentation device; (vi) a Photo Induced Dis-
sociation (“PID”) fragmentation device; (vii) a Laser Induced
Dissociation fragmentation device; (viii) an infrared radia-
tion induced dissociation device; (ix) an ultraviolet radiation
induced dissociation device; (x) a nozzle-skimmer interface
fragmentation device; (xi) an in-source fragmentation device;
(xii) an in-source Collision Induced Dissociation fragmenta-
tion device; (xiii) a thermal or temperature source fragmen-
tation device; (xiv) an electric field induced fragmentation
device; (xv) a magnetic field induced fragmentation device;
(xvi) an enzyme digestion or enzyme degradation fragmen-
tation device; (xvii) an ion-ion reaction fragmentation device;
(xviii) an ion-molecule reaction fragmentation device; (xix)
an ion-atom reaction fragmentation device; (xx) an ion-meta-
stable ion reaction fragmentation device; (xxi) an ion-meta-
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stable molecule reaction fragmentation device; (xxii) an ion-
metastable atom reaction fragmentation device; (xxiii) an
ion-ion reaction device for reacting ions to form adduct or
product ions; (xxiv) an ion-molecule reaction device for
reacting ions to form adduct or product ions; (xxv) an ion-
atom reaction device for reacting ions to form adduct or
product ions; (xxvi) an ion-metastable ion reaction device for
reacting ions to form adduct or product ions; (xxvii) an ion-
metastable molecule reaction device for reacting ions to form
adduct or product ions; (xxviii) an ion-metastable atom reac-
tion device for reacting ions to form adduct or product ions;
and (xxix) an Electron Ionisation Dissociation (“E1D”) frag-
mentation device; and/or

(g) a mass analyser selected from the group consisting of:
(1) a quadrupole mass analyser; (ii) a 2D or linear quadrupole
mass analyser; (iii) a Paul or 3D quadrupole mass analyser;
(iv) a Penning trap mass analyser; (v) an ion trap mass analy-
ser; (vi) a magnetic sector mass analyser; (vii) lon Cyclotron
Resonance (“ICR”) mass analyser; (viii) a Fourier Transform
Ion Cyclotron Resonance (“FTICR”) mass analyser; (ix) an
electrostatic or orbitrap mass analyser; (x) a Fourier Trans-
form electrostatic or orbitrap mass analyser; (xi) a Fourier
Transform mass analyser; (xii) a Time of Flight mass analy-
ser; (xiil) an orthogonal acceleration Time of Flight mass
analyser; and (xiv) a linear acceleration Time of Flight mass
analyser; and/or

(h) one or more energy analysers or electrostatic energy
analysers; and/or

(1) one or more ion detectors; and/or

(j) one or more mass filters selected from the group con-
sisting of: (i) a quadrupole mass filter; (ii) a 2D or linear
quadrupole ion trap; (iii) a Paul or 3D quadrupole ion trap;
(iv) a Penning ion trap; (v) an ion trap; (vi) a magnetic sector
mass filter; (vii) a Time of Flight mass filter; and (viii) a Wein
filter; and/or

(k) a device or ion gate for pulsing ions; and/or

(1) a device for converting a substantially continuous ion
beam into a pulsed ion beam.

The mass spectrometer may further comprise either:

(1) a C-trap and an orbitrap (RTM) mass analyser compris-
ing an outer barrel-like electrode and a coaxial inner spindle-
like electrode, wherein in a first mode of operation ions are
transmitted to the C-trap and are then injected into the orbi-
trap (RTM) mass analyser and wherein in a second mode of
operation ions are transmitted to the C-trap and then to a
collision cell or Electron Transfer Dissociation device
wherein at least some ions are fragmented into fragment ions,
and wherein the fragment ions are then transmitted to the
C-trap before being injected into the orbitrap (RTM) mass
analyser; and/or

(ii) a stacked ring ion guide comprising a plurality of elec-
trodes each having an aperture through which ions are trans-
mitted in use and wherein the spacing of the electrodes
increases along the length of the ion path, and wherein the
apertures in the electrodes in an upstream section of the ion
guide have a first diameter and wherein the apertures in the
electrodes in a downstream section of the ion guide have a
second diameter which is smaller than the first diameter, and
wherein opposite phases of an AC or RF voltage are applied,
in use, to successive electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention will now be
described, by way of example only, and with reference to the
accompanying drawings in which:
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FIG. 1 shows a mass spectrometer according to an embodi-
ment of the present invention wherein a fast analyser is pro-
vided downstream of a mass filter;

FIG. 2 shows a mass spectrometer according to an alterna-
tive embodiment wherein a fast analyser is provided upstream
of a mass filter;

FIG. 3 shows a mass spectrometer according to an alterna-
tive embodiment wherein ions may be switched between a
mass filter and a fast analyser;

FIG. 4 shows a mass spectrometer according to a further
embodiment wherein ions pass to a device which may operate
either as a mass filter and/or a fast analyser; and

FIG. 5 shows a precursor ion scan according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of the present invention will now
be described with reference to FIG. 1. According to a pre-
ferred embodiment an ion source 1 is provided upstream of a
mass filtering device 2 and a low resolution high sensitivity
fast analyser 3. A fragmentation or dissociation device 4 may
optionally be provided downstream of the low resolution high
sensitivity fast analyser 3. A mass analyser 5 is arranged
downstream of the fragmentation or dissociation device 4 and
the low resolution high sensitivity fast analyser 3.

In a preferred mode of operation ions from the ion source 1
are arranged to pass through the mass filtering device 2 which
is preferably operated in a non-filtering or wide mass to
charge ratio range transmission mode. The ions are then
onwardly transmitted to the low resolution high sensitivity
fast analyser 3. A fast low resolution pre-scan of the ions is
then performed by the low resolution high sensitivity fast
analyser 3. The ions then pass on to the fragmentation or
dissociation device 4 and are fragmented in the fragmentation
or dissociation device 4. The characteristics of the fragmen-
tation or dissociation device 4 are preferably such that the
separation achieved in the low resolution high sensitivity fast
analyser 3 is preferably maintained during the fragmentation
and transport process. Appropriate fragment ions are then
preferably analysed by the mass analyser 5 to produce a low
resolution precursor ion or neutral loss scan.

Data from the low resolution scan is then used to determine
the mass to charge ratio range or ranges of parent or precursor
ions of interest. One or more restricted mass to charge ratio
range or ranges are then scanned in a standard parent or
precursor ion or neutral loss scanning experiment by scan-
ning the mass filter 2 in a mass to charge ratio filtering mode
over the restricted mass to charge ratio range or ranges. The
low resolution high sensitivity fast analyser 3 is preferably
switched so as to operate in a non mass to charge ratio sepa-
rating mode of operation and hence functions as an ion guide.

According to another embodiment, the ion beam may pass
through the mass filtering device 2 and the low resolution high
sensitivity fast analyser 3 in reverse order as shown in FIG. 2.

According to another embodiment ions may be switched
between the mass filter 2 and the low resolution high sensi-
tivity fast analyser 3 as shown in FIG. 3.

Another preferred embodiment is shown in FI1G. 4 wherein
a single device 2/3 is provided which is preferably capable of
functioning both as a mass filter device and as a low resolution
high sensitivity fast analyser. For illustrative purposes only,
the device 2/3 may comprise a 2D linear ion trap with axial
ejection as, for example, disclosed in Guna et. al. J Am Soc
Mass Spectrom 2009, 20, 1132-1140. The device 2/3 is pref-
erably capable of operating either as a mass filter (e.g. qua-
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drupole) or as a fast high sensitivity ion trap. In an ion trap
mode of operation the scan speed can be as high as 20000
Dais for 0.7 Da peak widths. Higher scan rates are possible
with some loss in resolution. To a first approximation a scan
rate of 100000 Da/s may produce peak widths of ~5 Da. Using
these figures together with a quadrupole scan speed of 2000
Da/sec and an ion trap mode overhead time of 5 ms for
cooling and injection, an attempt can be made to quantify the
improvements according to the preferred embodiment.

FIG. 5 illustrates a precursor or parent ion scan from a
neo-natal screening experiment. Nine precursor or parent
ions were detected in the initial low resolution scan and are
displayed along the bottom of FIG. 5. The low resolution scan
took approximately 3 ms whilst the overhead for cooling and
injection took 5 ms resulting in an overall trap experimental
time of ~8 ms. A simple double differential and threshold
peak detection resulted in the identification of multiple mass
to charge ratio ranges of interest (which are displayed
inverted in FIG. 5). The total mass to charge ratio ranges of
interest add up to ~32 Da and take around 16 ms to scan
(ignoring quadrupole settling times) resulting in an overall
cycle time of around 24 ms which equates to a duty cycle
improvement of over a factor of x6 for the mass to charge ratio
range shown.

It is therefore apparent that the preferred embodiment rep-
resents a significant improvement in the art.

Although the present invention has been described with
reference to preferred embodiments it will be apparent to
those skilled in the art that various changes in form and detail
may be made without departing from the scope of the present
invention as defined by the accompanying claims.

The invention claimed is:

1. A method of performing ion analysis comprising:

performing a first analysis of a sample of ions wherein one

or more parameters are scanned or ions are sorted
according to one or more parameters during said first
analysis;

automatically determining one or more ranges of interest

of said one or more parameters from said first analysis;
automatically performing a second subsequent analysis of
said sample of ions, wherein said second analysis is
restricted to one or more of said ranges of interest of said
one or more parameters by filtering out ions having
values of said one or more parameters which fall outside
said one or more ranges of interest, wherein said second
analysis is performed at a higher resolution than said
first analysis, and wherein restricting said second analy-
sis to analysing ions having one or more ranges of inter-
estof'said one or more parameters increases a duty cycle.

2. A method as claimed in claim 1, wherein said first
analysis is performed using a first analytical device and said
second analysis is performed using a second analytical
device.

3. A method as claimed in claim 2, wherein said first
analytical device is operated at a first resolution to perform
said first analysis and said second analytical device is oper-
ated at a second higher resolution to perform said second
analysis.

4. A method as claimed in claim 2, wherein said one or
more parameters comprises the mass or mass to charge ratio
of said ions.

5. A method as claimed in claim 4, wherein said first
analytical device or said second analytical device comprise a
mass analyser.
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6. A method as claimed in claim 4, wherein said first
analysis comprises a mass analysis of parent ions and wherein
said second analysis comprises a mass analysis of similar
parent ions.

7. A method as claimed in claim 4, wherein said first
analysis comprises a mass analysis of first generation, second
generation, third generation or subsequent generation frag-
ment ions and wherein said second analysis comprises a mass
analysis of similar first generation, second generation, third
generation or subsequent generation fragment ions.

8. A method as claimed in claim 2, wherein said one or
more parameters comprises ion mobility.

9. A method as claimed in claim 8, wherein said first
analytical device or said second analytical device comprise an
ion mobility spectrometer.

10. A method as claimed in claim 1, wherein said second
analysis is substantially similar to said first analysis.

11. A method as claimed in claim 1, wherein the ions
analysed during said second analysis are substantially similar
to the ions analysed during said first analysis.

12. A method as claimed in claim 1 further comprises
optimizing an instrument parameter based on said restricted
range of interest.

13. A method as claimed in claim 12, wherein said instru-
ment parameter comprises collision energy.

14. A method as claimed in claim 12, wherein said instru-
ment parameter comprises ionisation energy or Electron
Impact ionisation energy.

15. A method as claimed in claim 12, wherein said instru-
ment parameter comprises Electron Transfer Dissociation
conditions or a mixing or reaction time between reagent
anions and analyte cations.

16. A method as claimed in claim 1, wherein in said first
analysis ions are separated or sorted according to a mass or
mass to charge ratio correlated parameter, and wherein said
second analysis is restricted to one or more ranges of mass or
mass to charge ratio of interest.

17. A method as claimed in claim 16, wherein said mass or
mass to charge ratio correlated parameter comprises ion
mobility.

18. A method of performing ion analysis comprising:

performing a first analysis of a sample of ions wherein one
or more parameters are scanned or ions are sorted
according to one or more parameters during said first
analysis;

automatically determining one or more ranges of interest
of said one or more parameters from said first analysis;

automatically performing a second subsequent analysis of
said sample of ions, wherein said second analysis is
restricted to one or more of said ranges of interest of said
one or more parameters by filtering out ions having
values of said one or more parameters which fall outside
said one or more ranges of interest, wherein said second
analysis is performed at a higher resolution than said
first analysis, and wherein said first analysis and said
second analysis are both performed using a first analyti-
cal device.

19. A method as claimed in claim 18, wherein said first
analytical device is operated at a first resolution to perform
said first analysis and is then operated at a second higher
resolution to perform said second analysis.
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20. An apparatus comprising:

an analyser; and

a control system arranged and adapted:

(1) to perform a first analysis of a sample of ions wherein
one or more parameters are scanned or ions are sorted
according to one or more parameters during said first
analysis;

(ii) to determine one or more ranges of interest of said one
or more parameter from said first analysis; and

(iii) to perform a second subsequent analysis of said
sample ofions, wherein said second analysis is restricted
to one or more of said ranges of interest of said one or
more parameters by filtering out ions having values of
said one or more parameters which fall outside said one
or more ranges of interest, wherein said second analysis
is performed at a higher resolution than said first analy-
sis, and wherein restricting said second analysis to anal-
ysing ions having one or more ranges of interest of said
one or more parameters increases a duty cycle.
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